We assessed the effects of age related changes in chamber size, wall thickness, and heart rate on left ventricular function in 78 normal children, aged 1½ to 12Y2 years, using computer analysis of their left ventricular echocardiograms. Left ventricular cavity size and wall thickness increased linearly with age. Left ventricular fractional shortening, percentage ofwall thickening, and the ratio of end-diastolic wall thickness to cavity radius (H/R ratio) did not change with age. Peak Vcf correlated with heart rate and the decrease in heart rate with age resulted in the progressive fall in peak Vcf, while peak rate of left ventricular wall thickening remained constant. The peak rate of increase in left ventricular cavity dimension in early diastole varied inversely with heart rate, but independently of cavity size, increasing throughout childhood. The peak rate of wall thinning also increased with age, correlating with wall thickness and not heart rate.
M-mode and two dimensional echocardiography have facilitated the understanding and early recognition of complex congenital heart disease by enabling elucidation of intracardiac anatomy, sequential chamber analysis, and, more recently, determination of ventricular morphology.14 In addition, echocardiography has been used to assess cardiac function in the newborn7 and the intrauterine growth pattern of the normal fetal heart. 8 Comparatively few studies, however, have been performed upon the hearts of normally growing children. The studies that do exist have been largely concerned with measurement of chamber size, left ventricular mass, ejection fraction, and mean velocity of circumferential fibre shortening, and relating them to various computations of body surface area.9-17 Little is known, however, regarding the changes in the mechanics ofmyocardial contraction and relaxation that result from the progressive increase *Present address: Hospital of the University of Pennsylvania, Philadelphia, Pennsylvania 19104 , USA. Accepted for publication 22 June 1982 in left ventricular cavity size and wall thickness that occur throughout childhood and early adolescence. In an attempt to investigate and quantify the influence of these changes upon left ventricular regional and cavity function during this period of rapid growth, we analysed by computer the left ventricular echocardiograms obtained from a sufficiently large number of children, aged from 1Y2to 12½ years, to circumvent the impracticalities of the more ideal longitudinal study.
Patients
We obtained left ventricular echocardiograms from 78 normal children aged from 19 to 149 months, of whom 30 were girls and 48 were boys. None had either history or symptoms of any cardiac or indeed any other system disease. All children had normal blood pressure, had a clinically normal cardiovascular system on physical examination, and normal electrocardiograms. They were arbitrarily divided into groups by age, those below 3 years, those between 3 and 5 years, 5 and 7, 7 and9,9and 11,and 11 wall thickness upon systolic and diastolic global and regional left ventricular function were investigated.
Results
(1) HEART RATE Resting heart rate varied from 60 to 119 beats/min, falling progressively with increasing age (Table 1) . ( 
2) DIMENSIONS
End-systolic and end-diastolic left ventricular chamber dimensions increased progressively with age (r=0-62, r=0 72) (Fig. 3, Table 1 ). Posterior left ventricular wall thickness at end-systole and end-diastole likewise increased with age with the following correlation coefficients (r=0-49, r=0-53) (Fig. 3 , Table 1 ). Relative wall thickness (that is the ratio of posterior left ventricular wall thickness to left ventricular cavity radius at end-diastole) showed no correlation with Fig. 8 ). Since the peak rate of increase in dimension in diastole decreased with heart rate ( Fig. 8) , however, and heart rate decreased with age, the age related changes in peak rate of dimension increase were explained at least in part by the reduction r=0. 16 Fig. 4 Changes in kft ventricular short axis architecture, expressed as the ratio ofthe end-diastolic wall thickness to left ventricular cavity radius (HIR ratio) with age. in heart rate. The peak rate of wall thinning, which is the major deterniinant of endocardial diastolic motion and therefore diastolic cavity function, increased with age (Fig. 8 ). This increase did not correlate with any changes in heart rate, but appeared to result from the increase in end-systolic wall thickness with age ( Table  2 , Fig. 9 ). -.
group.bmj.com on June 21, 2017 -Published by http://heart.bmj.com/ Downloaded from Age related changes in leftventricularfunction in normal children Fig. 6 Relation between resting heatt rate and age in normal children. and wall of cardiac architecture, but also in the resultant left ventricular functional capacity, though which was cause and which was effect was unresolved. Assessment of left ventricular cavity dynamic function by computer processing of left ventricular echograms is a simple expression of the changes and rates of change in endocardial position. The major determinants of endocardial motion during cavity ejection and filling are the respective velocities of contraction and relaxation of the myocardium and the orientation of muscle fibres surrounding the enclosed left ventricular cavity. In the normal human left ventricle, because of its ellipsoidal configuration and oblique muscle fibre arrangement, cavity filling and emptying are achieved more by changes in the short axis than the long axis, and it is the short axis that is recorded from cardiac cycle to cardiac cycle with Mmode echocardiography. Computer analysis of these digitised recordings provides plots ofcontinuous cavity dimension and wall thickness from which their respective systolic and diastolic instantaneous dynamics were derived. We used the peak velocity of circumferential fibre shortening (peak Vcf) to assess systolic cavity function, and the peak rate ofincrease in left ventricular diameter to assess diastolic cavity function. We selected these two peak measurements of left ventricular cavity function because (1) they have been previously validated with left ventriculographyl8 and (2) because the variation in heart rate among these children precluded comparison of any "QRS-timegated" rates of change of left ventricular dimension.
Peak Vcf is the normalised rate of left ventricular shortening, obtained by dividing the peak rate of change in left ventricular diameter by its own instantaneous cavity dimension, so as to minimise the effect of heart size per se on the peak rate of left ventricular ness, and not the change in heart rate that resulted in the progressive increase in the peak rate of left ventricular cavity filling with age.
Throughout childhood, systolic and diastolic left ventricular cavity dynanucs, when expressed in terms of peak Vcf and peak rate of dimension increase respectively, were independent of chamber size, but not of changes in heart rate. Diastolic cavity function, as might have been expected, was more sensitive to changes in heart rate than systolic function over the range of resting heart rates observed, presumably because of the disproportionately greater shortening of the diastolic filling period than the systolic ejection period, with shortening of the cardiac cycle length.
We thought initially that the absence of any correlation between peak rates of systolic wall thickening and either age or wall thickness, compared with the contrastingly strong relation between peak rate of wall thinning and age related increase in wall thickness, might have resulted from a relatively greater increase in end-systolic than end-diastolic wall thickness with age. On closer scrutiny, however, the percentage increases in end-systolic and end-diastolic wall thicknesses over the age range from 1Y2 to 12Y2 years were similar (approximately 50%). Both peak rates of systolic wall thickening and diastolic wall thinning when normalised to unit wall thickness were almost constant over a period of rapid cardiac growth during which left ventricular chamber size and wall thickness increased by more than 50%. This remarkable constancy indicated to us that these measurements were more likely discriptors of myocardial function per se than manifestations ofcavity ejection, and filling, concordant with previous suggestions.22 -24 We conclude that during the period of rapid growth in childhood and early adolescence there was a progressive increase in left ventricular chamber diameter and this was accompanied by a concomitant increase in the wall thickness in such a way that left ventricular architecture remained unchanged. This fixed relation between wall thickness and chamber radius may account for the constancy particularly ofsystolic cavity and regional myocardial function with age. The greater variability in diastolic than systolic left ventricular dynamics may be explained by the disproportionately greater effect of age related changes in heart rate on diastole than systole. Thus the consequences of age related increases in left ventricular chamber diameter, wall thickness, and muscle mass upon regional and cavity function were minimised by maintaining left ventricular architecture constant. group.bmj.com on June 21, 2017 -Published by http://heart.bmj.com/ Downloaded from
